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Assembly of Complete Unit. The circuit 
for the overall counter is shown in Fig. 
17, while Fig. 18 shows the interior of 
the chassis. The viny}-clad case that 
comes with the complete kit is punched 
and machined, and includes assembly in- 
structions. If you select another type of 
enclosure, use Fig. 18 as a general layout 
guide. An optional dialplate (see Parts 
List for Fig. 17) adds a professional 
touch and also serves as a front-panel 
layout template. 

Modules M1 through M6 are arranged 
in a line along the front of the case, 
supported by brackets similar to those 
used on the “Digital Voit-Ohmmeter’”’ 
(POPULAR ELECTRONICS, December 1968). 
The three decimal-point indicator lamps 
are placed between the decade units as 
shown in the photo, while the Power 
Supply module (M7) mounts on the rear 
wall of the chassis with spacers and +6 
hardware. The fuse (Ff) and power 
transforrner (%2)} are mounted on the 
bottom of the chassis. 

Note that the frame of input jack J2 
is isolated (insulated) from chassis 
ground and has an independent ground 
lead. called a “guard,” running directly 
to the Mi board. This lead is very im- 
portant since it prevents any internally 
generated ground noise from interfering 
with the input. Use nylon washers to 
insulate the jack from the chassis. 

Don’t forget the individual ground 
leads from each module to the power 
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Fig. 17. Interconnections for complete frequency counter. Signal input jack J2 is 
insulated from chassis to prevent interna! noise interference with the input signal. 


supply ground buss. 

The main selector switch (S82) has 
four decks, one of which is isolated from 
the other three by spacers. The isolated 
deck controls the 117-volt, 60-Hz power, 
while the other three (starting from the 
front) select the frequency, the timing, 
and the decimal point. 
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Preliminary Checkout and Operation. 
The frequency counter requires no cal- 
ibration and has no internal adjustments. 
It is only as accurate as the 117-volt a.c. 
power-line stability and display resolu- 
tion permit it to be. The following tests 
can be performed to check the general 
assembly for proper operation. 
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PARTS LIST 
COMPLETE COUNTER 


C1—1-4F, 400-volt Alytar capacitor 

11-f4—6.3-volt, 50-mA pilot lamp aud tcns as- 
sembly, three grecn. onc white (Southiocst 
Technical G-6.3 aud W-6.3,-respectivcly or 
similar) 

J1—Vhono jock 

J2—Phoino jack and nylon insulated mounting kit 

Mi—Comparator modutc 

Wf2—Scaler module 

M3-MI—DCU module ( sce text) 

Mé6—Gatle module 

M7—VPower supaly module 

RI—470-ohim, 4-watt resislor 

R2—10,000-ohui, 14-wett resistor 

RI—100,008-ohiut. V4-well resistor 

Si—Threc-position, single-polc stide switch 


52—Four-dcck, four-pole, cirhkt-position. o0n- 


Shorting mintature selector switch. Close space 


first three decks, isolate fourth with 4” 
specers. (Southwest fechnicat SWW111S1 or 
canivalent) 

S3—S.p.s.t. slide switch 

S4—S.p.s.t. normally closcd pushbutton switch 

Misc —35” x $Y" x 10" vinyl-clid. prepunched 
case aud support assembly, dialplatc®, 1Y- 
juch Kuob, mounting brackets far modules, me- 
chanical hurdware, #16 wire for grounds, #22 
hookup wire, sotder, 

+Anedized dialplate avaituble fram Reill’s Photo 
Finishing, 4627 N. Uith St. Phocnix, Arizona 
85054; in black and siteucr $3.00; red. gold, or 
copper $3.45, postpaid in USA. 

Note:—Camplele kit af parts to &uild counter in- 
cluding case but nat dialplale is available from 
Southwest Technical Products. Box 16297. San 
Antonio, Texes 78216. Order wz 165C, $120, 
plus postage, 7 lb, 


Plug the counter into a source of 117- 
volt 60-Hz power and place selector 
switch S2 on EVENTS and switch 83 on 
FOLLOW. One. or possibly two. numerals 
in each decade should be illuminated. 
Momentarily depressing the RESET but- 
ton should immediately produce a 0000 
reading. 

Check all supply voltages, particularly 
the +6 and +3.6 volts, to be sure that 
they are within 0.1 voit of their correct 
values, The —6 and +12-volt supplies 
should be checked at their respective 
terminals on /Ci of the Comparator 
module M1. 

Place the range selector switch on the 
0-200 Hz position and observe the 
COUNTING light on the front panel. It 
should cycle on for 10 seconds and off for 
10 seconds. Place the selector switch on 
0-2 kHz. The COUNTING light should 
now cycle on for 1 second and off for 1 
second. With the selector switch on any 
higher range, the light should flash on 
for 0.1 second, once each second. 

To check the operation of the decimal- 
point indicators, place the range selector 
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HOW IT WORKS 
COMPLETE COUNTER 


The frequcncy to be counted is applied to the 
sensitivity control, which reduces the inbut level 
by 1 or 10 to the approximitcly 100 millivolts 
required for nonnal operation. ‘The signal is then 
sent to the Comparator module (4/24) where it is 
converted from a sine wave lo a sduare wave of 
the same [requency with sharp risc and fall times. 
Any noise that might be present in the input is 
also rejected in the Comparator. The Compara- 
for output is fed directly 10 the rane selector 
switch $2 and also toa pair of decade scalers that 
Provides divide-by-ten and divide-ly-one-hundred 
outputs. The latter are also connected to the 
range selector switch. 

The output of the Comparator (f) is selected 
for the EVENTS function, 0-200 Hz, 0-2 kHz. 
0-20 kHz and for the external nate (EXT. 
GATE) operation. The output from the frst 
decade scaler (£/10) is used for the 0-200 Hz 
Position, and the output of the second scaler 
({/100) is used for the 0-2 ALE position, 

The time base starts with a 60-Hz reference 
irom the power supply. This signal is hiltercel, 
suared, and divided by six (all in module 4/6) 
to obtain the 0,1-second gating reference. Two 
divisions by ten produce the |-second and t0- 
sccand time references. These 1ime intervals. along 
with a positive voltage for EVENTS and no 
input for EXT, CATE are routed to the range 
selector switch. 

From the selector switch, the time commands 
go through the HOLD-lOLLOW switch which 
permits a choice of automatically updating the 
reading or holding the last reading. 

oth the measure command and the selected 
input frequency fo throush the synchronizing 
circuit in the Comparater module. ‘fhe measure 
command turns the efcctronic switch on and off, 
but it does it in such a way that only whole cy- 
cles of the input frequency are counted. This 
climinates the one-dixit bebble in the counling. 
The time-base gated freaucncy then goes to the 
counting and display circuits. 

The counter can be reset to 2era at any lime 
by operation of the manua) RESET pushbutton, 
but in normal modes of operation, the counters 
are automatically reset just before a new count 
begins. 

The Operation of the counter is fully automatic. 
The available measure commands are 10-5 
measure and 10-s display lor 0-200-Hz opera- 
tion: 1-S measure and I-s display for 0-2-kH=z 
operation: and 0.!-s measure and 0.9-s display 
for the other ranges. To keep the display on 
langer. Nip switch 83 to HOLD. 


switch on the 0-2 MHz position and note 
that the left decimal point indicator is 
illuminated. For other switch positions, 
lights should be on as follows: 0-200 
kHz, right; 0-20 kHz, center; 0-2 kHz, 
left; 0-200 Hz, right. 

With the counter still energized. set 
the FOLLOW-HOLD switch to FOLLOW, 
the range switch to 0-2 kHz, and the 
SENS. (sensitivity) switch to .1. Insert a 
test lead in the INPUT jack and touch the 
other end of the test lead. Note that the 
counter starts operating erratically only 
when the COUNTING light is lit. The 
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display should last only as long as the 
COUNTING light is dark. The counting 
units should start to count at the same 
instant that the COUNTING light comes 
back on. Placing the SENS. switch on 
either the 1 or 10 position should stop 
the counting operation. 

If the counter passes all of these tests, 
it is probably working properly and is 
ready for use. As a final check, and to 
gain some experience in using the coun- 
ter, use a bounceless pushbutton circuit 
(described in ‘Low-Cost Counting Unit,” 
POPULAR ELECTRONICS, February 1968, or 
ELECTRONIC EXPERIMENTER’S HANDBOOK, 
Winter 1969) and a low-frequency audio 
oscillator, When using the counter, al- 
ways start with the SENS. switch down 
to the 1 or .1 position as required to get 
a stable reading. Also, do not forget that 
an input iead (whether it is coaxial 
cable or phono tead) that is too long will 
attenuate (and load) a high-frequency 
signal. 


Key Waveforms. The following infor- 
mation can be used if trouble is experi- 
enced in getting the counter to operate 
properly. The waveforms at various 
points in the circuit vary depending on 
switch settings and the nature of the in- 
put. However, there are some critical 
points at which the waveforms can be 
checked to determine whether the count- 
er is working properly. 

Comparator (Mi) When sufficient in- 
put signal is applied, the output at the 
square-wave terminal of this module 
(connected to Di and R7) should be 


44 


Fig. 18. Author's prototype 
may be duplicated or used as 
a guide. Because of the length 
of M7, the Power Supply mod- 
ule, it is mounted along the 
rear apron of the chassis. When 
using a different physical lay- 
alt, remember that the Power 
Supply generates some heat 
and mount it out of the way 
where it will not affect the heat- 
sensitive components that are 
mounted on the other modules. 


either a square or a rectangular wave 
from 0 to 2.4 volts positive. The output 
goes positive when the instantaneous 
input signal drops below +10 mV and 
drops to zero when the input exceeds + 30 
mV. The rise and fall times of this wave- 
form should be about 60 nanoseconds. 

The feedback to pin 2 of JCi should 
show a steep leading edge that reaches 
+80 mV, followed by a rapid decay 
(about 90 ns) to the +30 mV level}. The 
trailing edge of this waveform should 
have a rapid transition to —40 mV and 
a rapid decay back to +10 mV. This sig- 
nal is present only when an input sig- 
nal is applied to the counter. Because of 
the very fast switching of this waveform, 
you will have to use a high-quality, lab- 
type oscilloscope to make exact measure- 
ments although the basic signal can be 
seen on a conventional! service scope. 

The synchronizing circuit in the Com- 
parator can be tested by using a bounce- 
less pushbutton and observing the DCU’s 
and the COUNTING indicator light, in 
the 0-200-Hz range. The first count after 
the COUNTING light comes on should 
not be counted, and the first DCU should 
display starting at the second count. The 
first count after the COUNTING light 
goes off should be counted and the dis- 
play should remain steady after that. 
Correct operation of this circuit guaran- 
tees that the device will only count whole 
input cycles. 

Scaler (M2) The input to the A scaler 
should be identical to the square-wave 
output observed on the Comparator. 

Output A/10 should be a rectangular 
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wave with a frequency 1/10 that of the 
input. It should be about 1.8 volts in 
amplitude and have a 6:4 duty cycle. 
This. of course, is also the input to the B 
scaler. 


COUNTER SPECIFICATIONS 


Function: Measuring frequency, events, events- 
per-unit-time, or the ratio of two frequen- 
cies. it is also a source of precision 0.1-, 
i-, and 10-second timing signals. 

Ranges: 0-200 Hz, 0-2 kHz, 0-20 kHz, 0-200 
kHz, 0-2 MHz, events, and extemally gated 
events or ratio. 

Accuracy: Power-line stability plus or minus 
one-half count. Typical accuracy is 0.1%. 

Resolution: One part in 2000 to full scale. 
0.1 Hz on 0-200-Hz scale. 

Sensitivity: Switch adjustable from nominal 
0.1, 2, or 10 volts. For sine waves—30 mV 
r.m.s. from 50 Hz to 3 MHz: 300 mv r.m.s. 
from 5 to 50 Hz. For pulses—symmetric 
pulse, 100 mV p-p; narrow positive pulse, 
50 mV p-p; narrow negative pulse, 700 mV 
p-p. 

Input conditioning: Automatically provided for 
all but mechanical contacts. High-gain IC 
comparator provides snap action, 10-mV 
noise offset, and 20.mV hysteresis. Any 
reasonable wave shape is acceptable, in- 
cluding sine or square waves, or rectangu- 
lar pulses of either polarity. 

Input protection: D.c. blocking to 200 volts. 
Combination dual-diode limiter and d.c. 


restorer atlows safe measurement in prac- 
tically all test situations. 


Input impedance: 10-volt range, 112,000 
ohms; 1-volt range, 12,500 ohms; 0.1-volt 
range, 2500 ohms. Typical shunting ca- 
pacity is less than 30 pF. 

Gating: Fully synchronized master gate used 
to eliminate the one-count ambiguity as- 
sociated with older counter designs. Last 
digit is constant rather than bobbling be- 
tween two values. 

Display: Switch selects hold or follow. Infinite 
display in hold function, automatic updat- 
ing in follow. For 0-200 Hz, 10-second 
measure, 10-second display; for 0-2 kHz, 
l-second measure, 1-second display: for 
higher frequencies, 0O.1-second measure, 
0.9-second display. 

Miscellaneous: Automatic overrange indicator 
comes on when full-scale count is exceed- 
ed. Floating decimal points. Manual reset 
and override. Time gate outputs available 
at gate terminal during measurement. 
Modular construction adaptable to crystal! 
time base for higher accuracy. Extendable 
with input scaling to 0-20 MHz or 0-200 
MHz. All solid-state circuit uses 26 IC’s, 
43 transistors, and 14 diodes. 
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The frequency of output B/10 should 
be 1/10 that of A/10 and 1/100 that of 
the input to the A scaler. Its amplitude 
depends on the setting of the range se- 
lector switch, but it should range be- 
tween 1.8 and 3.6 volts, positive. It should 
have a 6:4 duty cycle and rise and fall 
times of about 50 ns. 

The GATE terminal of the D scaler 
should have a repeating waveform that 
goes positive about 2 volts for 0.1 second 
and to ground for 0.9 second. 

The output at C/2 should be a repeat- 
ing signal that is positive for 1 second 
and ground for 1 second, with an ampli- 
tude of about 2 volts. 

The output at C/10 should be a re- 
peating symmetrical square wave witha 
frequency of 0.2 Hz (5-second period), 
with an amplitude of about 2 volts, posi- 
tive. 

Gate (M6) There should be a clean 
60-Hz sine wave at the junction of Di 
and R3 on this module (terminal 60 Hz). 
It should be offset with the negative 
peak at —0.7 volts and the positive at 
+ 2.4 volts. 

At pin 7 of 7/2 there should be a 60- 
Hz rectangular wave having 50-ns rise 
and fall times and an amplitude of about 
+2 volts. The output at pin 8 of IC2 
should be a 20-Hz rectangular wave with 
a 1:2 duty cycle and a 2-volt positive 
amplitude. 

The 0.1 SEC output of this module 
should be a symmetrical, positive-going 
wave at 0.1 second, with 50-ns rise and 
fall times. The 10 SEC output should be 
positive for 10 seconds and ground for 
10 seconds, 

Reset. The reset buss (RST on all 
modules except M2) is at ground most of 
the time. Depressing the front panel 
RESET switch should raise the level of 
the buss to about 1.6 volts and all DCU’s 
should promptly return to a zero indica- 
tion. Also during normal operation, there 
is, on the reset buss, a brief pulse, about 
2 microseconds long and i.6 volts in 
amplitude, immediately after the leading 
positive edge of the selected time gate. 
This waveform erases the old counter 
indications and drops them to zero the 
instant a new measurement is to begin. 
This waveform can be seen best on a 
lab-type oscilloscope having both trig- 
gered sweep and vertical channel delay. 
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